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量子情報科学において, 高精度の信号検出技術は不可欠である. 例えば, 量子コンピュータ
を構成する量子ビットの読み出しや, 重力波検出を実現するには, 量子レベルの超微弱信号を
検出する必要がある. これまで, 超伝導回路や光学系において, 量子検出器の理論解析および
実装が進められてきたが, 高性能な検出器を設計するための一般理論については, 十分な議論




合型量子センサと多段量子増幅器という 2 種類の重要な検出系において, コヒーレントフィー
ドバック制御による量子検出器の設計理論を提案する.  
第1章では, 本論文の研究背景と研究成果の概要を説明する.  
第2章では, 予備知識として, システム制御理論, フィードバック増幅法および量子開放系









増幅器の設計法を考える. 具体的には, 量子増幅器を多段接続して, その上で増幅器の特性変
動を抑えるコヒーレントフィードバック制御の構築法について述べる. 特に, 最も基礎的な制
御機構として, (i)個々の増幅器ごとにフィードバックを施す方法, (ii)系全体に単一のフィー
ドバックを施す方法, の2種類の制御法を提示し, 理論的に, 後者の方が(感度の観点から)特
性変動を抑える能力が高いことを示す. さらに, 不確定性関係に由来する量子特有の感度特性
を見出し, ゲイン線図やナイキスト線図に基づく数値計算で実証する. 
第5章では, 本論文の成果を総括し, 今後の課題について述べる. 
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High-precise signal detection is indispensable in quantum information science for detecting extremely weak 
signals, such as qubit readout and gravitational-wave detection. Although quantum signal detectors have been 
theoretically studied and have been implemented in superconducting circuits or optics, the general method for 
enhancing their performance has not yet been sufficiently discussed. In fact, conventional signal detectors are 
usually designed to have feedback structures based on the systems and control theory for enhancing the 
detection performance, however its quantum version has not been investigated. In particular, the design 
theories for quantum detectors have not been formulated within the framework of coherent feedback control, 
which does not contain any measurement component. This thesis provides some design theories for 
engineering quantum detectors within the framework of coherent feedback control, especially focusing on the 
following important devices: quantum opto-mechanical sensor and cascaded quantum amplifier.  
Chapter 1 shows the background and the outline of main results.  
Chapter 2 is devoted to some preliminaries, describing classical systems and control theory, feedback 
amplification, and open quantum systems.  
Chapter 3 discusses a coherent feedback control theory for enhancing the performance of the opto-mechanical 
sensor, which is the basic quantum sensor used for gravitational-wave detection. The above sensor has a 
fundamental limit on the detection performance due to the two types of quantum noises; the shot noise and the 
back-action noise. Therefore, it is necessary to realize back-action evasion (BAE). This chapter provides a 
design theory for achieving perfect BAE based on the geometric control theory, which has been well-developed 
in systems and control theory. In addition, a physical implementation of the BAE controller is given. Moreover, 
a numerical simulation shows that the controller design based on the geometric control theory is also effective 
for a practical situation where some experimental imperfections are present. 
Chapter 4 discusses a design method for engineering a broadband quantum amplifier with small characteristic 
change; such device is necessary for the readout of superconducting qubits. More precisely, this chapter studies 
feedback methods for suppressing characteristic uncertainty of a cascaded quantum amplifier. In particular, as 
a most basic setup, the following two types of feedback control methods are considered: (i) cascade connection 
of feedback-controlled amplifiers, and (ii) single feedback control for cascaded amplifier. It is theoretically 
shown that the latter control method is better in the sense of sensitivity. Moreover, this chapter reveals a specific 
sensitivity property which comes from the uncertainty relation in quantum mechanics, and this fact is 
demonstrated by the numerical simulation based on gain plots and Nyquist plots.  
Chapter 5 summarizes the results of this thesis and discusses some future works. 
